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Introduction 
 

Jordan as one of the most water scarce countries in the World faces the constant 
challenge of making the best use of its limited water resources. Water is not only essential 
for life, it is also one of the key inputs of production process, whether agricultural 
cultivation, mining, manufacturing or even services, like the tourism sector. In countries 
with adequate water resources all sectors of the economy receive sufficient volumes of 
water, therefore water is not a constraint on economic activities. In arid countries not all 
sectors may access sufficient volumes of water, constraining production and thereby 
output, which directly affects the economic performance of the country, including the 
income and living standard of the population. 

Therefore, allocating a limited supply of water in accordance with its productivity in 
different sectors is crucial. Productivity of water is the change in economic production in 
relation to changes in water input. In other words, it is the technical coefficient of water 
resource use in a producing activity, or in a sector. Sectors with higher water productivity 
should enjoy a priority during allocation. In addition to sectors, water productivity can 
also be interpreted for and differs among the users within a sector, and also among 
agricultural crops and products. 

Within this report, first we define the economic value of water and describe the methods 
available to estimate it. Economic value in producing sectors is equivalent to economic 
productivity, while in other, non-productive sectors it is equal to the value placed on 
water by water users. 

In Section 2 which covers international experience, we depict the results of studies where 
the economic value of water was quantified, especially from China and India. 

Water productivity in Jordan has been analyzed by various authors mainly for the 
agricultural sector. Some of the results will be summarized in Section 3. 

In Section 4 the virtual water footprint methodology is reviewed and the Jordanian 
economic activity is assessed from this perspective, to identify those activities where it is 
rational to replace some of the domestic production with import. 

Section 5 deals with non-productive water uses, i.e. water consumption of the 
households and water provided to the environment. While economic productivity is 
applicable to these sectors, considering their water use can still be an important part of 
the water allocation process. 

Section 6 looks at policy instruments that can help the transition toward a more water 
efficient economy. The two key measures are water pricing and water markets. 
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1. The economic value of water 
Some of the debates about the economic value of water start from the hypothesis that 
water should not be assigned a financial or economic value since it is a basic human need, 
people should have a right to water even when they are unable to pay for it. While this 
statement is valid, on the other side one can also claim that water should be made easily 
available to people up to the level that meets basic needs, which, depending on definition 
falls between 5 liters per day and a few dozens of liters per day. However, there is little 
debate that anything above basic needs can and should be charged for – thus, an 
economic value can be attached to it. 

Water users, including producers (e.g. farmers, industry), service providers (e.g. tourist 
industry) and households are generally willing to pay for water, which also supports the 
notion that water has an economic value. Adding more water to a water using technology 
generally results in higher production, while reducing the water input of a water using 
technology generally results in lower production. This is another type of evidence that for 
producing activities water has an economic value. 

To give an example, let’s assume that a dunum of irrigated land receives 100 m3 of water 
per year and crops with a value of 500 JD are produced on it. Let’s further assume that 
we add 10 m3 of additional water and the value of crops rises to 520 JD. If no other input 
is changed (same labor, fertilizers, machinery etc.), then the 10 m3 of additional water 
generated 20 JD of additional value. The economic productivity of water in this specific 
example is 2 JD/m3. While the numbers used here are hypothetical, this simple calculation 
can also be applied to real figures from production. 

We should also note that the economic value of water in a given piece of land depends 
on a number of factors, such as crop choice, irrigation technology, weather (arid, wet), 
price of the crop in the year in question, sales organization and sales channels, the actual 
mix of other inputs of production (labor, capital, fertilizers etc.). The same piece of land 
cultivated with two different approaches may have substantially different value of water. 
The same applies to other sectors as well, e.g. to manufacturing, tourism, mining. 
Therefore, we cannot come up with universal economic values of water, it all depends on 
local circumstances. 

When water is scarce and needs to be allocated among productive activities or sectors, 
it makes sense to base this allocation on the value of water for the different activities. As 
illustrated in Figure 1, different sectors will generate outputs with different values, and 
when water is an important input of production, the final value of the outputs will also 
depend on the water input. Purely from an economic optimum perspective, water should 
be allocated in a way that the total output from all sectors is maximized as a result of the 
water allocation decision. 
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Figure 1 The role of water in economic production 

 

 

Efficient allocation of water among sectors, however, is extremely difficult for a number 
of reasons: 

• Lack of information, with respect to both the role of water played in productivity. 

• There are complex economic flows and relations (e.g. reuse of treated 
wastewater) that make it even more difficult to estimate the value of water for a 
given use.  

• There are adverse side effects that are not measured by markets (e.g. change in 
unemployment due to changes in production) 

• Some productive sectors are also influenced through distorted markets. E.g. if the 
price of electricity is subsidized that provides a distorted price signal to all users 
of electricity. 

Nevertheless, some methods are available to estimate the economic value of water: 

• Several countries have well-functioning water markets, where water is priced 
according to demand and supply. More on this topic is included in 6.2. 

• Given adequate data, it is possible to determine the value of water within the 
economy through a tool within economic analysis called computable general 
equilibrium model. 

• It is also possible to isolate the value of water within a production chain. This is 
called the value chain approach and it has been applied, among others, in analysis 
of the economy of the Jordan Valley agriculture. An illustration for this method is 
provided below. 

• Finally, the demand function of final consumers (households and other water 
users) represents their “willingness-to-pay” for water, which is the value they 
assign to water. 
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One of the methods to derive the value of water from a production chain is the “residual 
imputation method”. This method is especially applicable for sectors with high water 
input, such as agriculture. During the analysis the costs of all inputs, except for water, are 
subtracted from the total sales value of the product. The remaining value is supposedly 
the value of water within the production chain. This method works properly as long as 
the other input prices are not distorted (e.g. labor and fuel are not subsidized by the 
government).  

 
Figure 2 The residual imputation method 

 

 

This method has been applied by the USAID in the Jordan Valley to determine the value 
of water for various crops. An illustration is provided by Figure 3. 
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Figure 3 Water values for summer vegetables in the Jordan Valley, applying the 

residual imputation method 

 

Source: USAID, 2012 

 

 

2. Water productivity in Gansu Province, 
China 

2.1. The method 
We carried out a literature review of water productivity analysis, and the most 

comprehensive evaluation is that of Zhan et. al. (2015). In this section we summarize their 

experience based on an analysis of Gansu Province water use and economic modelling. 

According to the definition of the authors of the article, ‘‘water productivity’’ is the 

changes of economic production outputs of sectoral activities for every cubic meter of 

water input. In other words, the technical coefficient of water resource use in each 

sector, i.e. how much the value of sector output changes as a result of adding one percent 

more water as a production input. 

A Computable General Equilibrium (CGE) model was used for the analysis, incorporating 

the water accounts of Gansu Province. A CGE model tracks the economic relationship 

between sectors. Since all sectors rely on inputs from other sectors, any change in 

production in one sector will trigger changes in all other sectors. While individual changes 
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are minor, they do add up. As an example, to build a house, inputs from the mining sector, 

various manufacturing sectors, services (e.g. architectures) are needed. Let’s select one 

of the inputs, brick, to further track economic relations. Brick requires clay, some other 

materials, water, machinery, energy and labor. Clay needs to be mined as well, which 

again requires further inputs, including energy, machines, labor. A CGE model can track 

all these interrelations and measure the consequences of any change in the economy. 

One such change is the re-allocation of water among sectors. By combining the CGE 

model and the water accounts, it becomes feasible to estimate the economic productivity 

of water in the analyzed sectors. 

The model used in Gansu Province is based on constant elasticity of substitution. This 

concept assumes that the inputs of production are interchangeable: the same level of 

production can be achieved through different combinations of the given inputs, as 

illustrated by the isoquant curve of the figure below. 

Figure 4 The isoquant curve of production 

 

The same concept can also be applied to water as an input of production, versus all other 

inputs of production. This is illustrated by Figure 5. The same level of production can be 

attained through different combinations of the inputs, or a different production level can 

be achieved through adding / subtracting some of the inputs, while leaving the other 

input unchanged. 
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Figure 5 The impact of changing water input in production 

 

 

2.2. Characterization of Gansu Province 
This province of China is in the middle of the country, in a semi-arid area that experiences 

seasonal water shortage (Figure 6). The Southern regions of the province are better 

supplied with water, enabling agricultural activities and forestry, and as we go North, the 

landscape becomes drier, with grass fields and then unused land (Figure 7). 

Agricultural water use is wasteful, as subsidized agricultural water prices do not provide 

an incentive to save water. The obsolete irrigation techniques (flooding is most 

widespread), however, also imply that there is a high potential to improve water use 

efficiency. 

The province has a population of 26 million, of which 10 million urban inhabitants. GDP 

per capita is about 3,500 USD (little less than for Jordan). The economy is dominated by 

industry (46%), services (40%), while agriculture has a relatively low share (14%). The total 

water consumption of the economy is about 12.3 billion m3/year (about 477 

m3/person/year) Thus, water availability is much higher than in Jordan, but still not very 

abundant. 



 
 

Action 1.1 – Capacity Building on Water Demand Management in Jordan and Tunisia. 
Economic Productivity of Water Use    8 

 

Figure 6 The location of Gansu Province in China 
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Figure 7 The location of Gansu Province in China

 

Source: Zhan, 2015 

 

2.3. Results of the analysis 
The key results of the analysis are summarized in Table 1. Agriculture has a relatively low 

water productivity, while industry and service sectors have higher productivity. 

Therefore, when water allocation decisions are made in the province, a priority should 

be given to industrial and service sectors, as they can generate more economic value 

from a given amount of water. The price of water in each sector is lower than the 

productivity of water by about a factor of ten. An increased price, especially for heavy 

water using industries would trigger adjustment on the part of producers. The current 

low price in agriculture certainly acts as a disincentive to improve irrigation efficiency. 
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Table 1 Sectoral water price and water productivity in Gansu Province 

 

 

The results from China match the results from other countries. Furthermore, the value 

attributed to water by households is usually much closer to industrial water productivity 

values and the productivity level of agriculture. 

 

3. Agricultural water productivity in Jordan 

As there have been a number of studies on the water productivity of agricultural activities 
in Jordan, while there is an absence of research on the water productivity of the other 
sectors, in this chapter we focus on the agricultural water productivity of the country. 

 

3.1. Declining water availability in Jordan 
Jordan is one of the ten most water-stressed countries in the world.  Available per capita 
freshwater lags far behind that available in most other countries, with per capita share 
less than 100 m3/year as compared to the 1000 m3 which is the water poverty line. Daily 
per capita water consumption is also correspondingly low, and the cost of supplying 
water continues to rise.  

This extreme water scarcity and increasing cost of supply is a serious constraint to 
Jordan’s economic growth. Figure 8 shows the per capita water share from year 1960 to 
year 2014. The per capita share was about 1000 m3 in year 1960 and its now less than 
100 m3.  This reduction is due to the combination of population growth and declining 
absolute availability of water. Also, the influxes of refugees in the last 5 decades 
contribute to this reduction.   
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Figure 8 Per capita fresh water availability in Jordan (m3/year) 

 

The displayed decline in water availability affects the whole country and all economic 

sectors, including agriculture. 

 

3.2. Characterization of Jordanian agriculture 
 

Agriculture is considered as a basic pillar of economic and social development. During the 

past three decades, agriculture has started to play a major role in the protection of the 

environment, including the protection of bio-diversity and ensuring an environmental 

balance that would secure sustainable use of resources and preserve them for future 

generations.  

In Jordan, despite of the sector’s moderate contribution to GDP, it is still considered the 

base for integrated rural development, a source of income and employment for rural and 

Badiya (semidesert) people and a generator of activities in the other economic sub-

sectors, especially the industrial and services ones. It also plays a central role in food 

security and trade balance improvement.  

The Jordan Valley is characterized by its fertile soil and unique climate as the average 

temperature in this area is a few degrees higher than that of the surrounding areas all 

year round. The Jordan Valley is considered to be the food basket of Jordan; as the long 

day hours and high temperatures are utilized to produce high quality and high return 

products outside the season.  

Jordan has a land area of about 89,300 km2, 90% of which receives rain fall of 200 mm or 

less. The topography of the land can be classified as follows: 

● Jordan Valley; which accounts for 2.25% of the total country area. 
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● High lands; which accounts for 19.94% of the total country area. 

● The Badiya; which accounts for 77.37% of the total country area  

Agricultural activities take place predominantly in the Jordan Valley, on parts of the High 

lands, and sporadically in the Badiya. 

The agricultural products in Jordan consist of the following types: 
 

i) Field crops; wheat, barley, lentils, chick-peas, maize, clover trefoil, vetch-

common vetch, and others. 

Total cultivated (1000 Dunum), and production (1000 tons) in 2012 

Cultivated Area Production 

1155 243 

 

ii) Vegetables; among which are tomatoes, squash, eggplants, cucumber, 
potatoes, cabbage, cauliflower, hot pepper, sweet pepper, broad beans, 
string beans, peas, Jews mallow, water melon, onion dry, and others. 

 
Total area (1000 Dunum) and production (1000 tons) of vegetables in Jordan 
in 2012 in summer and winter: 

Total Area Total production 

423 1569 

 
iii) Bearing trees; citrus fruits, olives, grapes, fig, almonds, peach, apple, date 

palm, bananas and others. 
 

Total area, number of trees, and production in 2012 (1000 Dunum for area, 
1000 trees for number, 1000 ton for production 

Total Area Total # of bearing trees production 

859 1844 455 

 
While in many countries field crops make up the bulk of agricultural production, in 
Jordan vegetables dominate, and fruits and nuts, as well as field crops represent lower 
volumes. This is already an indication of water availability and the relative water 
productivity of different crops.  
 
Table 2 shows the area of cultivated land in Jordan according to the type of crops from 
2009 -2012 (in 1000 Dununs). Even during the inspected four-year period, the area of 
cultivated land kept growing, while the area of irrigated land exhibits a volatile pattern, 
suggesting that irrigation is driven by water availability more than water demand. 
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Table 2 Composition of cultivated area in Jordan 

Area 2009 2010 2011 2012 

Total cultivated land 2243 2593 2408 2437 

Out of total cultivated area:      

Field crops cultivated land 1008 1286 1129 1155 

Fruit trees cultivated land 823 827 850 859 

Vegetables cultivated land 412 480 429 423 

Out of total cultivated area:     

Irrigated land 948 1025 965 931 

Non-irrigated land 1294 1569 1443 1506 

Source: DOS, 2012 
 

The relative success in the Jordanian exports from fruits and vegetables is due their high 

quality and availability all over the year. The competitiveness of the sector has increased 

as a result of quality improvements on the products and the responsiveness of farmers 

and product suppliers to the international export requirements.  

 

3.3. Irrigation water use 
 

In 2014 water use by agriculture made up a little more than half of all Jordanian water 

use. However, out of the 505 million m3, 123 million m3 was treated wastewater, not 

fresh water. With respect to fresh water, agricultural use is only 45%, which is below 

the average for most countries.  

Table 3 Water Uses for the Various Sectors in 2014, million m3 
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The current percentage use of water in agriculture fits into a longer term trend. It has 

fallen from 80% in 1970’s down to around 50% today due to: 

● competition between economic sectors for water 

● new irrigation technologies 

● efficiency improvements in irrigation 

● banning and semi-successfully enforcing ground water wells digging  

The lower share of irrigation water out of total water use is even more striking when we 

look at the development of irrigated land area. The next table shows that between 1994 

and 2010 the total surface of irrigated area grew by about 60%. The growth is constrained 

in the Jordan Valley, since land itself is limited there, while High Lands irrigated areas 

expanded at a rate of about 80%. 

Table 4 Increase of Irrigated Areas (Dunum) 

 

The importance of irrigation is suitably depicted by Table 5 below. While the rainfed area 

is about 1.5 times larger than the irrigated area, the value produced on it is only about 

10%. Therefore, irrigation improves the productivity of agriculture by about 14 times. 

Obviously, reality is more complex, as much depends on the crop choice and other 

applied technologies, but the relationship is clear. 
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Table 5 Irrigated Areas of Jordan and the Value Produced (2010) 

 

 

 

3.4. Water productivity in Jordanian agriculture 
 

As the previous descriptions show, water availability for irrigation is seriously limited and 

the trend toward further constraints is undoubtable. Under these conditions it is 

imperative that water in agriculture is used as efficiently as possible, i.e. each cubic meter 

of water should contribute to maximum economic output. While achieving this goal in 

practice is not straightforward, several studies have attempted to calculate water 

productivity value for different crops. In this section examples are shown from these 

studies. 

Table 6 shows figures for various crops produced in the Jordan Valley. Two main 

messages can be taken. 1) There is substantial difference among the water productivity 

values of different crops, the same cubic meter of water can produce 5-10 times different 

economic returns depending on crop choice. Consequently, crop choice is just as 

important as irrigation technology and other inputs of production. 2) The productivity 

figures without rainfall are higher than with rainfall, indicating that in periods when 

natural precipitation is inadequate, the role of irrigation water becomes even more 

important, and this relationship is even more important for selected crops, such as 

potatoes, lettuce and beans. 
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Table 6 Water productivity in the Jordan Valley of Jordan  

 

 

Table 7 summarizes water use and productivity in the Jordan Valley in physical terms only, 

without the financial value of the produced crops. The different pattern of water use in 

the Northern and Middle part of the Jordan Valley can be compared. The data indicates 

that there is adjustment to local conditions and differences in water productivity: winter 

and summer vegetables show higher water productivity in the Middle Jordan Valley and 

– probably not by coincidence – the vegetable production here has a higher importance 

than in the Northern part of the valley. The opposite is true to fruit trees, where on 

average the Northern Jordan Valley is more productive and therefore it also has a 

relatively high share of total production in fruit trees. In other words, crop choice already 

reflects differences in water productivity to some extent. 
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Table 7 Water productivity in Northern and Middle Jordan Valley 

 

 

Water productivity in monetary terms (i.e. in JD/m3) is also influenced by the price of 

the crop, which varies by the season and by the year. Table 8 includes productivity 

values based on two prices: price at the time of the survey and best market price 

(Karablieh, 2012). The difference between the two values can be as much 2.5 times. A 

simple and relatively rough definition was used that measures crop production (in 

monetary terms) against the gross inflow of water. This water productivity is only an 
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approximation, since water use is based on water quota allocation in the Jordan Valley. 

Since it is known that the water available is less than that of the quota allocation, actual 

water crop productivity is higher than the presented values. 

Table 8 Crop water productivity with two difference prices (JD/m3) 

 

Besides prices, other factors are also at play. Drip irrigation tends to be associated with 

higher crop water productivity than surface water irrigation. In addition, the use of 

greenhouses tends to also be associated with higher crop water productivity than the 

use of open field farming techniques.  

The figures below are based on KAFA’A (2004). Figure 9 shows that different parts of 

the Jordan Valley have different characteristics in terms of agricultural activity and 

water productivity.  The Central part is most productive in terms of produced value per 

cubic meter of water input, with relatively little water above average income can be 

generated. The same type of information with a different (reverse) indicator is included 

in Figure 10, how much water is needed to produce 1 JD worth of crop. Figure 11 

exemplifies that vegetables have a notably higher water productivity than selected fruit 

trees. 
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Figure 9 Water productivity in the Jordan Valley, by zone, 2003 

 

 

Figure 10 Irrigation water needed to produce one dinar of value in the Jordan Valley, 

2003 
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Figure 11 Jordan Valley survey. Value of production and water consumption and dinars 

per thousand cubic meters of irrigation water among survey sample farms, by 

product category, 2003 

 

Table 9 and Table 10 provide another view on water productivity of various agricultural 

products, showing the large variation of the productivity of fruits and vegetables. 

Bananas and orange have rather low productivity, while gapes and lemons are well 

worth irrigating, at least based on the profitability of orchards in Deir Alla. The variation 

in vegetable water productivity in the same location is less varied. 

 

Table 9 Gross profit / water use ratio for some fruit trees in Deir Alla 

Crop Banana Orange Grape Lemon Dates 

Gross profit 

(JD/ha) 

1500 1,200 18,240 21,720 7,000 

Water use 

(m3/ha) 

16,090 11,060 11,060 11,060 13,950 

GP/WU 

(JD/m3) 

0.09 0.11 1.65 1.96 0.5 

 

 

 
Table 10 Gross profit / water use ratio for some vegetables in Deir Alla 

Crop Hot pepper Cauliflower Onions Eggplant 
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Gross profit 

(JD/ha) 

1,300 1,550 1,000 730 

Water use 

(m3/ha) 

3,000 3,000 3,000 3,000 

GP/WU 

(JD/m3) 

0.44 0.52 0.35 0.24 

 
Table 11 has an important message. Water productivity in the Jordan Valley is higher 

than in the High lands, while it is known that irrigation water use in the High lands is less 

transparent and more difficult to monitor. One implication is that the less efficient 

water use in the High lands should receive more attention and illegal water use to be 

more seriously investigated, by doing so there is great potential to improve the water 

productivity of Jordanian agriculture. 

 

Table 11 Quantities of Water Used in Irrigation and the Financial Return for Each 

Cubic Meter in the Jordan Valley and in the Highlands 

 

 
 

The adaptation of agriculture to scarce water resources is also illustrated by a growing 

share of crops with relatively low water productivity. For example, animal feed (fodder) 

is increasingly imported. Of the annual fodder need of 1.7 million tons, currently only 

about 20% is produced domestically, the rest is imported. While in 2007 only about 260 

thousand tons of fodder was imported, this figure increased to about 360 thousand 

tons by 2012. The adaptation decision, however, is not necessarily easy. Own feed 

production is more costly than imported feed (almost double cost level), but due to 
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supply bottlenecks and market insecurities some of the farmers continue to rely on own 

production of the feed. 

The agricultural processing industry is another example for constantly increasing water 

productivity. In case of slaughtering houses the water use per carcass in Jordan is lower 

than in many higher income countries (e.g. Finland, Denmark, USA), obviously a result 

of limited water availability Within Jordan new animal farms are more productive than 

older farms, as there is a strong interest in reducing water dependency (FAO-EBRD, 

2015). 

 

4. Water footprint 

4.1. The water footprint methodology 
Understanding and mapping a country’s water use is an important step toward increasing 
water-use efficiency and water security. The Water Footprint (WF) methodology was 
developed for this purpose, expanding on the concept of virtual water to create a 
quantitative tool of water consumption globally, of a specific country, drainage basin, 
industry, business, product, service, or individual (Hoekstra et al., 2011). 

The water footprint is an indicator of freshwater use that takes into consideration not 
only the direct water use of a consumer or producer, but also considers the indirect water 
use. In addition to the traditional and restricted measure of water withdrawal, water 
footprint can be regarded as a comprehensive indicator of freshwater resources use. In 
general the water footprint concept tries to answer questions regarding the location and 
time of water use. This implies that all components of water footprint are available 
spatially and temporally. Such components may be classified as follows: 

1. Blue water footprint which is defined as consumption of both surface and 
groundwater in the supply chain of a product. ‘Consumption’ refers to loss of 
water from the available ground-surface water body in a catchment area. Losses 
occur when water evaporates, returns to another catchment area or the sea or is 
incorporated into a product.  

2. Green water footprint that is defined as consumption of rainwater as long as it 
does not become run-off.  

3. Grey water footprint refers to pollution and is defined as the volume of freshwater 
that is required to dilute the load of pollutants considering the natural 
background concentrations and existing ambient water quality standards. 

The water footprint may be assessed on different levels as follows:  

• water footprint of a process step 

• water footprint of a product 

• water footprint of a consumer 
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• water footprint of a group of consumers 

• water footprint within a geographically delineated area (e.g. nationwide or 
municipality) 

• water footprint of a business 

• water footprint of a business sector 

• water footprint of humanity as a whole 

The main goal of water footprint assessment is to know how human activities or certain 
products are related to the issue of water scarcity and pollution, and to assess how such 
activities are sustainable in terms of water use. It also helps to formulate appropriate 
policy response. 

The water footprint assessment process consists of four phases as shown in Figure 12 
and detailed below. 

 

Figure 12 Phases of water footprint assessment  

 

Source: Hoekstra et al., 2011 

 

1. Setting goals and scope 

In the first phase the goal and scope of the water footprint assessment should be 
identified. There are several reasons that may be behind an estimation process of the 
water footprint. For example, a nation may be concerned in assessing its dependency on 
external water resources. On the other hand, a business may be interested to know its 
dependence on scarce water resources in its supply chain or how it can contribute to 
lower the impacts on water systems throughout its supply chain and within its own 
operations. 

 

2. Water footprint accounting 

After setting the goals and scope of the water footprint assessment process, data 
collection will start, so as to perform the accounting process. The details of the 
accounting process are linked to the identified goal and scope of the assessment process. 
Depending on the level of detail, the water footprint can be expressed on a daily, monthly 
or yearly basis. 
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3. Water footprint sustainability assessment 

In this phase, the water footprint is assessed from an environmental as well as socio-
economic perspectives. In this regard, the water footprint assessment procedure should 
differentiate between geography, products and services. When talking about 
geographical perspective, sustainability may be assessed on the level of the watershed or 
river basin. On the other hand, when product or process water footprint is to be assessed, 
focus should be on the contribution on a larger scale (i.e. global water footprint). 

 

4. Water footprint response formulation 

Based on the findings of the previous three phases the final phase of water footprint 
response will be formulated. The scope of this phase is also linked to the sort of the water 
footprint that we are concerned with. When a water footprint of geographical area is 
considered, it is important to know who should be involved, when and how to reduce the 
water footprint within the area of concern. It is important to identify from the first 
beginning the scope of response measures that will be adopted. 

Concerning the water footprint of a nation, the volume of water exported and imported 
through products is of special importance, as detailed in the next section on virtual water 
footprint. 

 

 

4.2. Virtual water footprint 

Virtual water is the volume of water required to produce a commodity or service. By 
consuming products, therefore all of us create a water footprint at the location where 
the consumed product was produced – or multiple locations in case of a chain of 
production. The virtual water footprint depends on the technology, climate etc., 
therefore it is location specific, but global average values have also been calculated, as 
illustrated by Table 12. 
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Table 12 Virtual water footprint of selected products, global average

 

As commodities and products are traded internationally, the virtual water content also 
gets transferred. Importing products implies the import of virtual water and exporting 
products implies the export of virtual water. The global trade in goods allows countries 
with limited water resources to rely on the water resources of other countries to meet 
the needs of their inhabitants. This is the case for Jordan. For countries with enough 
water the virtual water concept is less interesting, as exporting virtual water does not 
affect the ability to satisfy local needs. 

The largest virtual water flows and water balance of countries is depicted by Figure 13. 
The colors and arrows on the map indicate absolute volumes, but not the relative 
importance of virtual water flows. However, the orange-yellow colors of the MENA region 
show that on balance water is being imported to the region via importing products with 
high virtual water content. 

 
Figure 13 Country specific virtual water flows and water balance (billion m3/year) 

 

Source: Mekonnen and Hoekstra, 2011 

 



 
 

Action 1.1 – Capacity Building on Water Demand Management in Jordan and Tunisia. 
Economic Productivity of Water Use    26 

 

The next figure shows global virtual water flow by product categories. Clearly, most water 
flows are related to agricultural products. 

 
Figure 14 The composition of global virtual water flows 

 

 

As shown by Table 13, the virtual water content of products very much depends on 
location. The relative difference of these indicator values can also be a reason to pursue 
international trade between water scarce and water abundant countries. 
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Table 13 Virtual water footprint of selected crops and animal products in different 

countries (liter/kg) 

 

 

 

 

 

4.3. Application of the virtual water footprint to the Jordanian 

economy 

A number of studies have already taken place on the virtual water footprint of Jordanian 
foreign trade. Below we summarize some of the findings of these studies to underline 
that importance of virtual water flows for the Jordanian economy and for the improved 
water productivity of the country. 

Table 14 and Table 15 review the virtual water export and import of Jordan. While the 
data is not new, the speed with which any economy restructures is relatively slow, 
therefore the conclusions based on this data continue to be valid. While Jordan has 
substantial virtual water export, its virtual water import is more than 6 times higher, 
reflecting the needs of a water scarce economy. Export generally consists of higher value 
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added products (e.g. animals, industrial products, high value vegetables), while import is 
dominated by bulk produce, such as barley, wheat and animal products. Some of the 
export is probably based on prior import and further processing of specific inputs, thus it 
already shows up under imports. Clearly, strictly from perspective of water availability, 
the Jordanian agriculture would not be able to produce all the crops that are consumed 
by the population of the country, there is physically not enough water for it, Jordan has 
to rely on imports of basic food.  

 
Table 14 The virtual water export of Jordan 

 

Source: Schyns, 2015 

 

 
Table 15 The virtual water import of Jordan 

 

Source: Schyns, 2015 
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Jordan’s reliance on virtual water import is further exemplified by Figure 15: the current 
annual available total water of Jordan would not be enough to produce all the cereals 
consumed by the country, not to mention some other basic necessities (Figure 16). 

 
Figure 15 Virtual water imported in the forms of major cereal crops over the period 

(1994–2006) 

 

 
Figure 16 Virtual water imported in the forms of oils, live animals, meat and sugar over 

the period (1994–2006) 
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Table 16 shows that most of the virtual water import of Jordan originates from the USA, 
Argentina, India and Iraq. While Syria is also placed high on this list, the data is from a 
period when there was still peace in Syria, which is not any more the case and that 
restricts agricultural imports from Jordan’s Northern neighbor. 

 
Table 16 The virtual water import of Jordan by main trading partners 

 

Source: Schyns, 2015 

 

Figure 17 provides a more nuanced view of the country’s virtual water footprint. Again, 
this data is from before the Syria war, therefore today there would be a lower emphasis 
on Syria and – partly due to the influx of refugees and their corresponding consumption 
– a higher emphasis on most other regions of the World. 
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Figure 17 The origin of Jordan’s virtual water footprint  

 

Schyns, 2015 

 

As a summary, since water is valuable, Jordan should aim to buy virtual water at a low 
price and sell virtual water at a high price. In other words, it should strive to export 
products with relatively high value and relatively low virtual water content (e.g. fruits, 
vegetables, manufactured goods), and import products with relatively low value and 
relatively high virtual water content (e.g. cereals, raw materials). This is already 
happening to a large extent, and with the intensification of water scarcity, this is also a 
logical direction for the future. Of course, there are some other important considerations, 
e.g. balancing between water security and food security.  
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5. The value of water for households 
The previous chapters mainly dealt with the productivity of water for economic sectors. 
However, a large share of water is used by households, and the more arid a country, the 
larger this proportion. An estimate of the value of water for households can guide the 
allocation of water between economic sectors and households. In this chapter we briefly 
inspect this question. 

The value of water for households is best measured through their demand for water, 
more precisely, their demand for water as a function of the price of water. Without 
looking at price, demand is meaningless in an economic sense, since changes in price 
always trigger changes in consumption.  

As Figure 18 below illustrates, people are willing to buy a little bit of water even at a really 
high price, to satisfy basic needs, such as for drinking, cooking, hygienic purposes. At 
lower prices they buy more water for additional uses. At low prices they would buy lots 
of water and use it with little attention to water savings, e.g. they may wash their cars 
with generous amounts of water and take long showers. 
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Figure 18 Demand for water as a function of price 

 

Jordan has an increasing block tariff system, under which low consumption is charged at 
lower prices, and higher consumption is charged at higher prices. Since demand at given 
prices cannot be satisfied due to a general shortage of water in the country, many 
households are willing to pay water vendors to deliver water to their homes with tanker 
trucks, paying 3-4 JD/m3 for this service. Therefore, we can conclude that the value of 
part of the water consumption of Jordanian households is at around 4 JD/m3, while the 
value of the rest of the water is lower. Based on willingness-to-pay for piped water 
services, for most households the value of water is probably between 0.4 and 2 JD/m3. 
The higher the consumption, the lower this value, as depicted by Figure 19. These values 
are not out of line with the water productivity values of agricultural production (Chapter 
3), in fact some crops have lower, others have higher economic productivity.  
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Figure 19 Household demand for water in Jordan 

 

6. Economic instruments to improve water 
efficiency 

Governments have the main responsibility in allocating scarce water resources among 

water users. They have two main options of water allocation: 

• Administrative allocation: the government decides how much water to allocate 

to given water uses. Many governments prefer this approach, as they retain 

control over the allocation decision and they can also favor specific water users. 

The economic efficiency of this method, i.e. to ensure that the economic 

productivity of water is high, however, is generally low, as decision makers are 

unable, or unwilling to follow the principle of economic efficiency, due to other, 

mainly political considerations. 

• Allocation through economic instruments: the government does not directly 

allocate water, but introduces instruments which will drive the allocation of 

water among water users, incorporating the value of water in the decisions of 

water users. There are two main types of economic instruments for water 

allocation: water prices and water markets. This approach is more efficient than 

administrative allocation as water automatically gets channeled toward more 

economic uses.  
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A combination of the two approaches is also feasible, using economic instruments for 

some sectors or groups of water users, and utilizing administrative allocation for others. 

Table 17 Key characteristics of administrative vs. economic instrument based 

water allocation 

Administrative allocation Economic instruments 

Less efficient More efficient 

Simple decision Requires substantial legal and 
institutional measures 

Status quo is not necessarily affected in 
the short run 

There will be losers and gainers. Losers 
may be compensated initially to mitigate 
adverse impact. 

 

Next, we provide a short introduction to the  economic instruments.  

 

6.1. Water pricing 
As higher prices prompt water users to reduce their consumption, prices can be used to 

reduce demand to the level of available supply. Moreover, prices also help to reallocate 

water toward uses of higher water productivity: only those water users will continue to 

buy large quantities of water at high prices for which the value of water justifies the 

increased price, while others will reduce their consumption, thereby making water 

available for high-value uses. 

There are some important preconditions for prices to work effectively, such as accurate 

metering of consumption, high share of paid bills, limited illegal water use. Steep tariff 

increases are rarely favored by policy makers, but the gradual introduction of increasing 

block tariffs could also be a viable alternative. Increasing block tariffs – similarly to the 

tariff design applied in Jordan – represent a good combination of high prices and 

ensuring some affordability. Low income customers can still buy some water at low 

prices, while everyone faces strong price incentives as prices increase to higher and 

higher blocks. 

When water availability fluctuates among the years, a price instrument to consider is 

the “drought surcharge”, an additional, temporary charge on top of the regular price of 

water, to provide additional incentives to save water. Once the drought is over, the 

surcharge can be removed. 
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6.2. Water markets 

In a water market participants hold water rights, which allow them to use a specific 
amount of water. These rights are tradable, that is, market participants can buy water 
rights if they need more water (and the price of the water right is low enough) or sell 
water rights if they have more rights than they need (and the price of the water right is 
high enough). In a well operating water market the transferability of water rights ensures 
that water gets re-allocated efficiently, and this process is driven by the difference in the 
economic value of water for different water users.  

A typical water market involves large water consumers as participants, such as industrial 
facilities, farms and drinking water utilities. Some water markets exclude water utilities, 
and the utilities are granted their water needs outside the market, subject to water 
availability. Small consumers, like households, small shops are excluded from the market, 
but they may still be affected by water market forces if their supplier, the drinking water 
utility is one of the market participants.  

Water rights are initially granted to water users by the authorities based on their 
historical water use or specific benchmarks. The number of allocated water rights should 
be in line with the total volume of water available for market participants. In case of a 
drought, a lower number of water rights are to be allocated – or the amount of water 
corresponding to one water right should be proportionately reduced. 

In most water markets a water right corresponds to an annual volume of water use, for 
all future years. When a water right is purchased, all corresponding future water flows 
are also sold. However, sometimes a buyer needs water only for the year in question. In 
this case it can lease or rent the water right for a year only, without actually acquiring the 
ownership of the water right itself.  

As demand and supply in the water market changes, the price of water rights reacts. In a 
drought year (when less water is available, while farmers would like to use more water), 
the price of the rights is likely to spike, in a wet year it is likely to decline. The price of the 
right motivates water users to conserve water as they confront the actual cost of their 
water use, and this ultimately reduces demand for water. 

Usually the surface water of a given water basin is the traded commodity. It is, however, 
possible to set up a water market for ground water sources as well as among the large 
customers of a drinking water utility. 

The smooth operation of a water market has a number of important prerequisites: the 
total number of allocated rights should be in harmony with the volume of available water, 
fair initial allocation of water rights, effective monitoring of water use, strict penalty for 
overuse, a trading venue where participants can find their counterparts with minimal 
effort, a registry where water rights and water trades are recorded, a competent and 
skilled authority that approves trades etc. In order to keep the “transaction costs” of 
water trading low, the trading scheme and related institutions should be as efficient as 
possible. This would ensure that the water market allocates scarce water resources 
among water users in the possibly most beneficial way. 
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Water markets have some distinct advantages compared to explicit water pricing: 

• Flexibility in adjusting to water availability (e.g. in case of a drought, the 
authorities can reduce the annual volume of water that corresponds to each 
water right) 

• Significantly more efficient water use than in case of water pricing 

• It makes the value of water explicit – the government does not have to know the 
value of water, the market will determine it and ensures water allocation based 
on this value 

There are some disadvantages as well: 

• Advanced institutional background is required (e.g. registry of rights and 
transactions) 

• Relatively high transaction costs (finding partners for transactions, ensuring that 
background institutions operate smoothly etc.) 

• Mostly applicable to larger water users, individuals or small water users stay 
outside of water markets 

The most efficient large water markets are in Australia, the Western United States, and 
Chile. These markets are quite transparent, and price information clearly reflects the 
value of water, which depends on the season, water availability, the price of crops etc. 
Analysis of water markets shows that these markets have clearly contributed to more 
efficient water use as market participants have a constant incentive to improve their 
water productivity. 

 

7. Conclusions for Jordan 
The following main conclusions can be derived from our analysis: 

• Water productivity is difficult to measure exactly, but there are a number of 

methods to estimate the economic value of water and some clear patterns 

emerge. 

• International literature and Jordanian projects have confirmed that the water 

productivity of industrial sectors is higher than the water productivity of 

agriculture. There are also substantial differences in water productivity within 

industry (among industrial sub-sectors) and within agriculture (among farms, 

crops and irrigation techniques) 

• The value of water for households is usually at least as much as for agricultural 

activities, sometimes substantially higher, therefore it makes sense to 

o improve the water productivity of agriculture to generate water savings 

(crop choice, irrigation technology, farming techniques) 
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o replace some of the fresh water input of agriculture by treated 

wastewater 

o enforce regulations on the illegal water use of farms, especially in the High 

lands 

o and transfer the saved water to urban uses 

• If the government would like to improve water productivity within the economy, 

it can implement administrative rules that divert water toward higher productivity 

uses. However, this approach is generally less effective than the use of economic 

instruments. 

• Introducing economic instruments (prices, water markets), coupled with 

appropriate metering, monitoring and enforcement, can help to shift water use 

toward more economic uses. Even when an economic instrument improves 

overall economic welfare, there will be some people and enterprises the financial 

position of which deteriorates. They need to be compensated to ensure a smooth 

implementation of these instruments. 

The above points focused on the quantitative aspects of water use. However, water uses, 

especially irrigation and some industrial water uses can contaminate water resource 

quality. In order to safeguard water supplies, improved agricultural practices and 

advanced wastewater treatment should be applied, and the reduction of agricultural 

activities in areas where drinking water supply is risked, should be considered.  
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